Abstract. The emergence of Web of Data enables new opportunities for relating resources identified by URIs combined with the usage of RDF as a lingua franca for describing them. There have been to date some efforts in the direction of exposing learning object metadata following the conventions of Linked Data. However, they have not addressed an analysis on the different strategies to expose Linked Data that could be used as a basis for leveraging the metadata currently curated in repositories following common conventions and established standards. This paper describes an approach for exposing IEEE LOM metadata as Linked Data and discusses alternative strategies and their tradeoffs. The recommended approach applies common principles for Linked Data to the specificities of LOM data types and elements, identifying opportunities for interlinking exhaustively. A case study and a reference implementation along with an evaluation are also presented as a proof of concept of this mapping.
Introduction
The purpose of learning object metadata is to support the reusability and discoverability of learning objects and facilitate their interoperability in the context of e-learning. Particularly, it is used to enable information seekers (e.g., teachers and learners) and applications such as repositories, portals and learning environments to search for, evaluate, retrieve and use learning objects. IEEE LOM [1] is a widespread standard for describing educational contents, promoting their reusability and interoperability through the use of a standardized set of descriptors and common conventions to encode descriptive metadata [2] . This standard is a commonly accepted way for describing learning resources in repositories. A recent study [3] has revealed a consistent usage of 20 out of the 50 metadata elements in the standard, considerably more elements than conventionally collected with widespread schemas such as Dublin Core. Exposing metadata for search and discovery of resources on the Web has always been an important concern for repositories, and the use of standards is a proof of that. However, IEEE LOM does not explicitly promote relating learning objects, even though "Relation" element has been defined. Specifically, it does not recommend relations to be expressed as links, which is the universal approach in the Web of Data to express relations among resources. The lack of a shared way of linking precludes crawlers and other applications to get the most out of the relations between resources. By analyzing some of the IEEE LOM elements (as we will discuss later), we found that linking several metadata elements (e.g., coverage) to the Linked Open Data(LOD) datasets, makes the learning object enriched and accessible to the other useful information on the Web of Data. In a sample of 815,223 IEEE LOM metadata records gathered from the GLOBE federation [4] , 20% of the resources included the "Relation" element in their metadata records. We examined these resources and found that only 95,946 records (about a 12% of the total) were using URIs to express relations and others contain strings an numbers.
The Linked Data (LD) approach [5] relying on the use of RDF links, represents an alternative way of openly exposing metadata fostering interlinking. RDF links allow to interconnect any kind of resource on the Web, allowing to easily link to external datasets or repositories [6] that are already providing URIs for identifying their resources. Many institutions, universities and libraries have adopted the LD principles and have released resources and data as part of the LOD cloud [7] . Notably, DBpedia [8] , one of the most used datasets, which exposes a Linked Data version of Wikipedia, makes it possible for anybody to link to general information as well as to extract relationship to other datasets.
The advantage of this new approach to express relationships between resources is making public information linkable and usable for others [9] . This has the benefit of enabling applications to exploit learning object metadata and other information available in the Web of Data. It can also be seen as an extension of open educational resources initiatives [10] in the direction of making them more readily available for discovery.
The exposure of LOM compliant metadata as Linked Data supports functionalities over RDF-defined LOM records that cannot be attained with the human-oriented version of LOM, e.g., triggering queries on SPARQL endpoints [11] no matter where the records are stored. Users can also export their educational metadata in LOD format in the same manner that libraries all over the world are doing in the library field. However, exposing LOM metadata as LOD is not straight-forward and requires a transformation of metadata plus a bootstrapping phase to identify candidate links to other datasets or educational resources, eventually with the aid of interlinking tools [12] [13] . This in turn requires the use of vocabularies to provide some shared semantics that can be exploited for the traversal of metadata across repositories. Given that some semantics are actually encoded in the IEEE LOM standard, there is a need to elaborate some RDF exposure practices for which existing proposals for mapping IEEE LOM to RDF [14] [15] can be useful but are not enough. This includes URI design and the identification of opportunities for interlinking. This paper reports a complete analysis on the different strategies to expose IEEE LOM as Linked Data, describing how IEEE LOM elements and data types can be represented in RDF based on Linked Data principles [5] and complying with common Linked Data patterns [16] . It also reports on a case study and reference implementation and evaluates its performance. The case is based on the Organic.Edunet repository [17], a IEEE LOM-based repository of learning materials in the field of organic agriculture and agroecology.
The rest of paper is structured as follows. Section 2 briefly describes the background on exposing IEEE LOM elements and the related works in this context. In Section 3, we recommend a URI design for identification of e-learning objects in educational repositories. This section also represents a mapping of LOM elements to Linked Data format. Section 4 provides an experimental implementation of RDF [18] binding of IEEE LOM. Section 5 presents an evaluation and performance testing over the mentioned implementation. Conclusions are provided in Section 6.
Background and Related Works
Work on e-learning metadata standards at the international level has been carried out by a number of organizations including the IEEE, the Dublin Core Metadata Initiative (DCMI), IMS Global [19] , and ISO/IEC [20] . Achieving interoperability across these specifications has been recognized as a major challenge since 2000 [21] . IEEE LOM is an internationally-recognized open standard bound up with the history and development of the IMS e-learning interoperability specifications (e.g. IMS Content Packaging [19] ), and with the evolution of the ADL SCORM [22] reference model, which supports the IEEE LOM alongside other specifications. Dublin Core (DC) has also been used in many systems and applications as an alternative to other metadata standards (e.g. IEEELOM) or in combination with them to provide wider interoperability.
A recent effort within the ISO community is Metadata for Learning Resources (MLR) [23] which aimed at harmonizing LOM and Dublin Core metadata, as it tries to enable both the "learning object" aspects of LOM and the "entity-relationship" model of the Semantic Web associated with the Dublin Core Abstract Model [24] . Moreover, it is intended to support multilingual and cultural adaptability requirements from a global perspective. The Learning Resource Metadata Initiative (LRMI) [25] has also developed a common metadata framework for describing learning resources on the web. LRMI promoted by popular search engines Google, Bing, and Yahoo, is related to schema.org and supported by Creative Commons. Although the goal of these schemas is to be a complement or alternative to IEEE LOM and DC, a wide variety of learning repositories and federations (notably the GLOBE federation [4] ) use IEEE LOM as the base metadata schema and actively aggregates LOM records at a large scale.
To date, there have been some initiatives to expose learning resource metadata as Linked Data. Dietze et al [26] surveyed some high-level approaches aimed towards Linked Education by allowing its exposure as Linked Data and interlinking techniques for the educational domain. Dietze et al [27] also proposed an approach for linking educational resources based on the Linked Data principles by using existing educational datasets and vocabularies. Its aim was to exploit the wealth of existing technologyenhanced learning (TEL) data on the Web by exposing it as Linked Data. The approach has been implemented in the context of the mEducator project [28] where data from a number of open TEL data repositories has been integrated, exposed and enriched making use of the Linked Data approach.
Fernandez et al [29] presented a work on linking educational resources across universities through the use of Linked Data principles by focusing on extracting and structuring information of video lectures produced by 27 different educational institutions according to some vocabularies, e.g. FOAF. As a result of this work, a new media educational dataset was released.
There exist some other projects such as LinkedUp [30] and Linked Universities [31] which aim at sharing learning data or metadata related to educational Linked Data on state-of-the-art Linked Data principles.
In particular, Linked Data exposure of IEEE LOM is not a new subject though, as the work was initiated in 2000 in the context of the IMS Global Learning Consortium [19] (together with the ARIADNE Foundation [32] ) that developed a XML binding and RDF binding of LOM elements and, as a result, some RDF documents were produced as IMS RDF Bindings. The Dublin Core Metadata Initiative (DCMI) [33] also provided recommendations for expressing DC metadata as RDF and described how the features of the DCMI are represented based on LOM to DCAM mapping document [34] . The recommended document described how to use the definitions of metadata terms defined by the IEEE LOM Standard, for RDF binding of IEEE LOM Elements together with DCMI metadata terms.
A mapping from LOM to RDF model (defined by Nilsson et al. [15] ) described advantages of expressing learning object metadata as RDF. Nilsson also discussed some problems encountered in the process of producing the RDF binding for LOM elements and focused on some specific futures of the binding, although this early work was discontinued [26] and did not cover all the LOM elements.
Some other tools and IEEE LOM editors also export LOM elements as RDF. For example, ocw2rdf [35] harvests metadata from the MIT Open Course Ware web site [36] and transforms it into an RDF representation of IEEE LOM. Kunze et al [37] developed and implemented a browser-based editor in which the author can choose the type of metadata using any kind of RDF-schema available on the WWW to annotate learning resources in a specific repository (OLR3). Balog-Crisan and Roxin [38] proposed an on-line tool called RDF4LOM, to edit metadata in RDF. The proposed tool creates RDF documents according to the LOM standard.
Our work continues and completes Nilsson et al [15] approach for exposing learning object metadata as Linked Data. To this aim, we consider all the IEEE LOM elements, data types and vocabularies and provide a mapping to RDF. We also present a complete and unified solution for exposing learning object metadata and implement this approach on an educational repository so that this repository can link its (meta)data to Linked Open Data by following clear guidelines. As the RDF implementation is not straightforward and the decisions for the transformation of several items often have 2 or more possible alternatives. We tried to base our decisions and recommendations on good practices, but even so, our decisions are subject to debate and can evolve in the future.
Exposing IEEE LOM as Linked Data
In this section, we highlight on the exposure of the IEEE LOM elements as RDF, represented here in XML format. Initially, we discuss how e-learning objects are identified in LOM elements. The recommendation presented in this study is the outcome of a long authors' discussion with both Linked Data and e-learning experts. A complete mapping of all the IEEE LOM elements is available at http://data.organicedunet.eu/ODS_LOM2LD/ODS_SecondDraft.html.
URI Design
In IEEE LOM, identifiers are defined as "globally unique label that identifies a learning object" and are to be provided in:  Element 1.1: General.Identifier as the identifier of the resource  Element 3.1: Meta-Metadata.Identifier as the identifier of the metadata record  Element 7.2.1: Relation.Resource.Identifier as the identifier of a related resource In a general case, the dereferenceable URIs that deliver RDF descriptions, are actually identifying metadata records and not the actual resources. In consequence, the identification in Element 3.1 is represented as the dereferenceable URI from which the RDF metadata is exposed, and there is no need to expose it again in the RDF representation. In the case of the "Relation" element, the recommended practice is using the dereferenceable URI of the resource pointed by this one, if available, in the form of a RDF link. If the URIs of learning objects are considered to form a natural hierarchy, then a patterned URI can be assigned to them [16] .
In terms of technical design, World Wide Web Consortium (W3C) published some guidelines in order to define a well-formed URI [39] [40] . The document we used as a basis for our solution to define learning object identifiers, stated two approaches based upon the HTTP URI scheme and protocol which fulfils the following requirements:
Description of the identified resource should be retrievable with standard Web technologies.
A naming scheme should not confuse things and the documents representing them.
Binding Simple and Structured Elements
Two types of LOM elements exist: simple and structured (or aggregation). The following sub-sections discuss the RDF representation of each type. One metadata example of a learning resource (e.g., http://youtube.com/example_resource), represented in an XML format, is used throughout this paper and, therefore, we will avoid repeating the resource identifier in each example. As simple elements do not contain other LOM elements and mostly include one value (e.g., String) at the target, they have been represented plainly as subject, predicate and object. This RDF binding have been recently followed by many datasets in the LOD cloud (e.g., DBpedia, Factbook). As an illustration, technical format of learning objects in LOM (Technical.Format) is expressed in Turtle [41] (Consider Table 1 ). Structured elements included other LOM elements (either simple or structured elements) are often realized using intermediate nodes, but there exist various options for exposing structured elements as LD depending on maximum number of entities they include (multiplicity) and their order. Several LOM elements (e.g., "General.Title") with structural format were considered with multiplicity one in the IEEE standard and given that their order is not significant in the metadata, the simplest way of representation and already compatible with a wide range of existing software, is leveraging the repeated properties in RDF. In the repeated properties, the user can assign many predicates to one subject regardless to its objects' order and thus can be applied to appropriate elements. Table 1 illustrates how a structured element ("General.Title") is expressed in different languages in RDF. <string language="en"> Certification </string> <string language="de"> Zertifizierung </string> </keyword> <keyword> <string language="en"> Farming </string> <string language="de"> Landwirtschaft </string> </keyword></general> <http://youtube.com/example_resource> lom:keyword _:node1,_:node2.
rdf:value "Certification" @en, "Zertifizierung" @de. _:node2 rdf:value "Farming" @en, "Landwirtschaft" @de.
Intermediate nodes, also called blank nodes due to the absence of a name (or a dereferenceable URI) to a triple, are used to indirect referencing to a element with unspecified name. Although intermediate nodes are considered as problematic approach in terms of implementation of RDF and users readability [42] , their usage is unavoidable when there exists a deep hierarchy (more than two) of elements in a model or the multiplicity of structural elements is "Many". The "Keyword" element in "General" category is a good practice, as can be expressed repetitive in more than one language and thus using repeated properties here is not applicable, as it would mix the translations of the different values. In the table above we showed that how two intermediate nodes have been used for representation of the keyword element. Figure 1 also portrays a simple guideline for the RDF binding of simple and structured elements of IEEE LOM according to foregoing discussion.
Alternatively, RDF containers e.g., RDF:Alt and RDF:Seq [16] are applied to describe a group of values in RDF representation and they are appropriate when the element hierarchy is limited in two levels. RDF:Seq suits particularly when the order among elements is important (see Table 2 ). As this representation becomes more complicated in deep hierarchical structures of the IEEE LOM elements (e.g., classification.taxon), using the RDF containers for the elements that are not explicitly required to be ordered, is not recommended. Table 2 . RDF binding of a structured element using RDF containers XML representation RDF Binding <classification> <keyword> <string language="en"> Organic <string> </keyword><keyword> <string language="en"> Farming <string> </keyword> </classification> <http://youtube.com/example_resource> lom:classificationKeyword _:node1. _:node1 a rdf:Seq; rdf:_1 "Organic" @en. rdf:_2 "Farming" @en.
DataType Mapping and Reusing Vocabulary
The following sub-sections provide a description of data type mapping of the IEEE LOM elements.
CharacterString
Simple elements in String format are represented as plain literals in RDF, e.g., "Technical.Format" in the LOM standard, whose type is "CharacterString", would be represented as follows:
<http://youtube.com/example_resource> dcterms:format "x-shockwave-flash".
LangString
Several IEEE LOM elements use the "LangString" data type which binds together multiple literals with equivalent expressions in different languages. The literal is expressed as a plain literal in RDF along with a language tag (e.g., en) conformed to RFC1766 [43] . The "LifeCycle.Version", as a good practice, has multiplicity one and is therefore, as mentioned earlier, represented as a direct property pointing to a plain literal with a language tag:
<http://youtube.com/example_resource> lom:version "It is not available" @en, "No está disponible" @es.
DateTime
The International Standard for the representation of dates and times, ISO 8601 [20], describes a large number of "DateTime" formats. IEEE LOM standard defines at least four digits for year, two for month and two for day. For representing the time, it states two digits for hour, two for minutes, two for seconds and one or more digits representing a decimal fraction for a second. IEEE LOM elements that represent "DateTime" values can be exposed in the following format:
<http://youtube.com/example_resource> lom:contributionDate "2011-05-17T05:53:31.00Z" IEEE LOM allows "DateTime" elements to be expressed as literal with language (e.g., {"en","circa 1300 BCE"}). For those elements, we recommend "LangString" representation as follows.
<http://youtube.com/example_resource> lom:contributionDate "circa 1300 BCE" @en
Duration
Duration, as an interval data type, is recommended to be expressed as follows:
<http://youtube.com/example_resource> lom:technicalDuration "PT0.25S" ^^<http://www.w3.org/2005/xpathdatatypes#dayTimeDuration>.
In the above example, duration ("PT0.25S") shows that technical duration of the learning object is 25 seconds based upon ISO8601 [20] , although the represented format is not human readable. As "DateTime" data type, elements with String value representing Duration (e.g., {"en", "Fall Semester 1999"}) are expressed as LangString.
Boolean, Integers and other Simple Data Types
In the RDF exposure, it is encouraged to reuse the XML schema data types [44] . For example for "Boolean" values, the data type of the element is indicated as true or false:
<http://youtube.com/example_resource> lom:cost false ^^<http://www.w3.org/2001/XMLSchema#boolean>.
Likewise, for expressing other simple data types such as integer, long, float, etc. using the XML schema data type is recommended.
vCard:
vCard [45] is a standard for electronic business cards. To capture a vCard, an intermediate node is recommended together with properties such as vCard:FN, vCard:ORG and vCard:Email. The entity value of contribute element in the LifeCycle category, the Table 3 , is a vCard record represented in XML. 
Undefined Data Type
The IEEE standard states "Undefined" as one of the data types of LOM elements, although most date types are expressed explicitly and can be represented in RDF. For example "xsd:dateTime", is used for "DateTime" format and "xsd:boolean" for "Booleans" and so forth. However, if an element cannot be defined in any specific date type in the LOM schema, "xsd:anyType" is recommended, which does not restrict the data content [44] .
Reusing of Existing Vocabularies
Several well-known vocabularies are used in Linked Data to describe things such as people, places, and locations. By reusing known vocabularies, data publishers increase their chance of being interoperable with other parties as well as avoid the time consuming process of defining and documenting own vocabularies. In consequence, we mention a brief guide of reusing the vocabularies as an example:  To describe simple data, use the basics of RDF and RDFS  To name things, use "rdfs:label", "dcterms:title", and "foaf:name"  To describe people, use FOAF and vCard  To describe Web pages and other publications, reuse Dublin Core properties, for example "dcterms:creator" and "dcterms:description"  To describe addresses, use vCard
Interlinking to other Datasets
Linked Data (LD) approach unlocks e-learning resources away from learners and enables enriching, navigation, casual discovery and improved resource seeking. Linking resources using LD also makes it easy for intelligent processing of data, as several operations e.g., integration of experiment data, consumption, and publication of experiment data are doable using the related tools. Particularly, the LD exposure of educational materials became a general approach specially for enrichment of learning resource as well as interlinking them to useful datasets on the Web of Data. To this end, some institutions have emerged their educational materials as LD. For example Europeana dataset [46] , as European Union flagship digital library project, links the data providers metadata to other datasets such as DBpedia and Geonames [47] as well. As Figure 2 depicts, interlinking LOM elements to one dataset, makes the metadata global to access other valuable information over the LOD.
Fig. 2. Linking educational data to LOD
To this end, we examined all the IEEE LOM elements to discover the linkable elements to the LOD cloud. Figure 3 portrays the workflow we followed for the interlinking analysis. In the first step, we looked over those elements that potentially cannot be linked due to their specific values, and thus, they have been filtered out (e.g., "DateTime", controlled vocabularies). In the second step and being precise on the metadata records, we discovered that several elements (e.g., identifiers, vCard) contains local values defined by each repository according to its policy. Particularly, the values did not follow a specific rule for interlinking purpose. As a consequence of analysis, we found various elements such as "General.Title" and "Technical.Format" include string values that can be linked to the related datasets. However, after running an interlinking tool to link the data to a specific dataset, the outcomes were a few and in the most cases were not useful.
Fig. 3. Linking educational data to LOD
To be specific, linking coverage of a learning object to DBpedia, as a good practice, not only adds more geographical information about the place, but also allows metadata to be connected to other statistical sources (e.g., population, history) as well. In the following sub-sections, we will summarize a couple of important elements of IEEE LOM, which can be linked to the LOD as well.
Linking Elements to DBpedia
The DBpedia dataset includes structured information about persons, places and organizations. It features labels and abstracts for 10.3 million unique things in 111 different languages [8] . This dataset has been recently identified as a hub in the LOD cloud [48] , as it connects a wide variety datasets together with high centrality. Particularly in eLearning context, Lama et al. [49] presented an approach that automates the classification of learning objects and improves its search in repositories by annotating the learning objects with DBpedia ontology. As we will discuss later, DBpedia is also significant place for linking coverage of educational materials ("General.Coverage" in LOM) to regions, countries and cities of DBpedia Other datasets such as GEMET [50] and Eurostat [51] can be used for this purpose, as they include useful information about statistics of public places. The "Keyword" element of learning objects ("General.Keyword" in LOM) can be also linked to DBpedia, as we found a lot of similarities between the keywords of aggregated e-learning resources and the DBpedia labels.
Linking the "Classification" Category of IEEE LOM to LOD
The IEEE LOM provides an area for annotating and classifying educational resources and makes them discoverable specially when a learning resource is accessible based upon the classification it belongs. It expresses the classification of a learning object in the classification category that each classification includes purpose and taxonpath. The taxonpath states the structure of the taxonomy. One of the possibilities of classification interlinking, for example, is linking the taxonomy of a learning object to the LOD taxonomy dataset [52] . This dataset as a knowledge base provides informative LOD URIs for species concepts that improve the quality and stability of links between a species and the related data. There exist around 108,175 species concepts and 1,000 records for species occurrences [53] , interlinked with the GeoNames dataset [47] . The following example illustrates part of Organic.Edunet metadata linked to the LOD taxonomy dataset through the classification category.
<http://youtube.com/example_resource> lom:classification _:classification1.
_:classification1 lom:purpose lomvoc:discipline; lom:classificationDescription "This classification provides many examples of Organic Principles and Ontologies. @en"; lom:taxonPath _:taxonpath1. _:taxonpath1 lom:taxonSource "LOD taxonomy" @en; lom:taxon _:taxon1, _:taxon2. _:taxon1 lom:id "http://lsd.taxonconcept.org/describe/Organic_farming"; lom:entry "Organic farming category" @en. _:taxon2 lom:id "http://lsd.taxonconcept.org/describe/Certification"; lom:entry "Certification" @en.
4.3.
Linking the "Relation" Category of IEEE LOM to LOD
The "Relation" category of IEEE LOM groups features that establish the relationship between the learning object and other related learning objects. As learning objects may include different relations, they can be exposed in RDF in different intermediate nodes.
The following example shows the relation of our sample learning object to DBpedia represented in RDF. In particular, the learning object is linked to many related resources exist in the DBpedia dataset through the Relation category.
<http://youtube.com/example_resource> lom:relation _:relation1.
_:relation1lom:relationKind dcterms:isPartOf lom:relatedResource _:resource1; lom:resourceDescription _:resourceDescription1. _:resource1 lom:relatedResourceCatalog "URI"; lom:relatedResourceEntry "http://live.dbpedia.org/page/Agriculture". _:resourceDescription1 rdf:value "Organic farming is kind of agriculture that has been explain" @en.
Architecture and Implementation
The RDF binding of LOM elements is not sufficient for exposing educational materials as Linked Data, as Linked Data principles [5] should be covered by an educational repository in order to have the learning resources in a linkable way. To this aim, the repositories cater a service or API which users are able to make queries via SPARQL endpoint [11] . Repositories can also provide an RDF dump [53] which makes the whole dataset to be accessible through the repository website. Here, we propose an architecture along with a software prototype implemented on the Organic.Edunet [17] repository as our case study.
Exposing Organic.Edunet Resources as Linked Data
As previously mentioned, Organic.Edunet is a learning portal that provides access to digital learning resources as well as their metadata on Organic Agriculture and Agroecology and aims to facilitate access, usage and exploitation of such content. Several types of e-learning resources including reports, handbooks, presentations, experiments and lesson plans are available through the portal [17]. The LD exposure of the Organic.Edunet metadata [54] was performed by taking the following steps: Initially, educational metadata were stored in the Organic.Edunet repository in XML format based upon an IEEE LOM Application Profile [55] . We transformed the XML files into a relational database by developing a transformer tool. In consequence, we exposed the metadata as Linked Data by using a mapping tool (e.g., D2RQ [56] as a mapping tool for mapping relational databases to RDF). In particular, we represented the educational metadata in a complete uniform dataset and made them accessible via a SPARQL endpoint and a RDF dump. The proposed architecture is presented in three layers as Figure 4 depicts. In the persistence layer, the metadata are collected in the Organic.Edunet repository and converted the XML files into a relational database by developing a Java program. In the service layer, a D2rQ service mapped the relational database to the RDF format. We created a mapping file in order to express the relational structure to the RDF triples. In the application layer, we implemented an interface in front-end to depict the educational metadata in a graphical user interface (GUI) along with a search interface for users. Particularly, the SPARQL Endpoint and RDF dump of dataset made the data to be available through the GUI. We established a link between the Organic.Edunet dataset and DBpedia by mapping around 11,093 metadata records in the relational database to RDF. This was performed by running a simple code to find the similarities between the metadata elements and DBpedia. Table 4 illustrates the matches between Organic.Edunet and the DBpedia dataset for "Keyword" and "Coverage" elements (although the interlinking analyzed have been based upon equal string match without any consideration of polysemy and lexical variants). Finally, around 73% of coverage of the learning objects (e.g., countries and cities) and 23% of keywords matched to the DBpedia concepts. Upon this finding, it is reasonable to conclude that the IEEE LOM elements include latent potential for linking to other datasets on the Web of Data. 
Performance Testing over the Case Study
Regarding the performance testing of implementation, we used JMeter [57] , as a testing tool for performance measurement and selected three queries to simulate the work as well. The queries became more complex from query 1 to query 3 according to Semantic Publishing Benchmark (SPB) 1 , as a LDBC 2 benchmark for testing the performance of RDF engines (consider the appendix). SPB defines a set of "choke points" to evaluate the reliability of RDF database and address the complexity of queries. In particular, "join ordering" as one the choke points, tests the ability to consider cardinality constraints and decide which type of join should be used in a query, as it has been pointed out by other studies as well (e.g., [58] ). We simulated as well as evaluated the queries on the same machine over D2RQ service and a triple store for 1, 5 and 10 users to compare the performance between them. Each query was repeated for five times in order to examine the results precisely. The Linked Data version of the Organic.Edunet was evaluated by making use of the query pages of D2RQ service. As Table 5 shows, the performance of queries decreases when they are run by more users. Obviously, the response time increases when they become more complex. As it can be seen from the table, there is a huge difference between response time of RDB and D2RQ services, as D2RQ performs both mapping the queries to SQL and running them over the relational database at once. We also examined the implementation on a triple store in order to analyze the performance of executing the queries on a triple store directly. To this end, we imported the RDF dump of Organic.Edunet dataset in a Jena-Fuseki triple store [59] and evaluated the queries via its SPARQL page, as Table 6 illustrates the result of JMeter. Executing the queries on a relational database (RDB), we realized that the analysis of executing the queries on RDB and triple store is comparable, as Figure 5 depicts the difference between these two data stores in terms of response time. The queries in both cases are shown on the x-axis (for 10 users), while the y-axis illustrates the runtime in milliseconds. Comparing these results with the mapping approach mentioned earlier, we can conclude that the D2RQ mapping service is not scalable when the number of users increases and queries become more complicated. 
6.

Evaluation of the Case Study
Evaluating the interlinking results between the Organic.Edunet and DBpedia datasets, we realized that the "Coverage" element of e-learning resources in the Orgainc.Edunet repository includes information about countries and places that can be connected to the DBpedia places. In particular, a user in Organic.Edunet can explore the dataset and obtain useful knowledge about the country or place of resources. To take a scenario about the advantage of such interlinking through the "Keyword" element, a teacher in agricultural science might explore the contents to find an article about "organic farming". In one of the results, a relevant book catches the teacher's attention and thus follows the keywords of article to find out the exact context of the learning resource. The researcher has never come across the specific terms which do not yield any more relevant data. As the learning resources in Organic.Edunet are interlinked to DBpedia, more information on topic including different translations are presented to him, when he is redirected to the DBpedia pages. As a consequence of quality control of interlinked data in Organic.Edunet repository, we selected 20 random resources enriched by DBpedia over the "Coverage" and "Keyword" elements and presented to five end users. The Organic.Edunet resources included a full metadata information and we asked the users to explore especially the "Keyword" element linked to the DBpedia pages. In particular, the users were asked to answer 4 questions regarding the interlinked metadata elements. The questionnaire included the following statements regarding the linked items:
1. Was the link available to evaluate? Here we asked whether the user can reach the target by clicking the provided URL or not? (As some links might not be available either the link is broken or it does not respond in a reasonable time).
2. Was the link information related to the term? The relatedness of information to the term is evaluated by the user in the question above. It is possible that the provided information in the target semantically is not the same as source due to e.g., polysemy or ambiguity between them. For instance, there exist several abbreviations in the "Keyword" element (e.g., TOF, SDW...) which might refer to different terms.
3. Did the link information help you to find more useful data regarding the resource? The most important question, from the authors perspective, was the usefulness of provided link. Overall, the users were asked if the link information in the target included useful knowledge about the resource and particularly could help learners to obtain usable data.
4. What do you recommend for improving the quality of interlinking? Finally, we asked users to write their comments regarding the improvement of this experience. As Table 7 illustrates, almost all of the links were available for the evaluation. Also, the average number of resources that were relevant to the terms, was around 15 resources (76%). This amount of resources implies that a few number of them included ambiguity or not informative for users to examine. To gauge the responses reliability of Question 3, we applied intra-class correlation coefficient (ICC) [60] , as one of the popular reliability statistics, to determine the internal consistency of multiple raters. In this approach, the accepted value for describing internal consistency is defined by an alpha greater than 0.6 and the results is highly coefficient when value is more than 0.9. We later imported the users' answers into SPSS to analyze the responses and run the reliability statistics. Accordingly, the software output for our data was 0.726 that shows the users agreed on the results and the average number of questions determined by the users as useful was around 13 (65% of all questions).
Regarding the Question 4, one of the users commented that interlinking Organic.Edunet to the DBpedia dataset gives general information about the terms to readers, but if users want to obtain more information about the resource (e.g., relevant books or articles), they have to explore the Web. Interlinking Organic.Edunet to more educational and scientific datasets (e.g., universities) was also recommended by the user. Other users did not mention any important comments.
Conclusion
The widespread adoption of the Linked Data approach has led to the availability of huge amount of data ranging from public domain such as DBpedia to domain-specific space, for example Europeana which includes data about cultural heritage. Connecting elearning resources to the LOD makes educational materials linkable to other useful datasets as well as enriches the contents as well.
To this aim, we discussed mapping and linking of the IEEE LOM elements, as an accredited metadata schema for describing educational materials, to the Linked Data based upon its principles. We developed an implementation of this approach for the Organic.Edunet repository, as our case study, so that the metadata of the e-learning resources became accessible through a graphical user interface. The metadata were also linked to other datasets in LOD (e.g., DBpedia). At the time of this research, the SPARQL endpoint of the Organic.Edunet dataset is available for users to make queries. Likewise, other educational datasets can foster their data to the released dataset. Eventually, some selected queries passed a performance testing on both relational database and triple store considering their complexity. The analysis of performance testing states that providing a powerful triple store on top of the Linked Data exposure of e-learning repositories dramatically improves the performance than using a mapping tool to convert the data as Linked Data format.
